Mitotic Activity of Hairless Mouse Epidermal Melanocytes: Its Role in the Increase of Melanocytes During Ultraviolet Radiation  by Sato, Takehiko & Kawada, Akihiro
Tm·: .JouRNA l .. or I NVESTJC.ATI VJo: 0~-:RMATOI.OGY 
Copyright © 1972 by The Wi lliams & Wi lkins Co. 
Vol. 58. No.6 
Pn'nt.ecl in U.S.A. 
MITOTIC ACTIVITY OF HAIRLESS MOUSE EPIDERMAL MELANOCYTES: ITS 
ROLE IN THE IN CREASE OF MELANOCYTES DURING ULTRAVIOLET 
RADIATION * 
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ABSTRACT 
Us ing s plit epidermal sheets treated with colchi c ine, a quan t itat ive study was carried out 
on ha irless mouse epidermal melanocytes and t hose in mitos is, during 14 da ily exposures 
to UV. It was demonstrated t hat t he mitotic figures were first noted after 3 days of irra-
diation and their in cidence va ried with t he duration of UV treatment; the number of cells 
in a rrested mitos is during the 3 hour p e riod was 0.2- 0.4 , 0.6- 0.7 a nd 1.0- 1.3 per cent of 
dopa-positive mela nocytes, respectively, a fter 3, 5 a nd 7 to 14 days of exposure. Com pa r-
ison of those values and the rate of population increase of m elanocytes indi cates that the 
numeri ca l increase in melanocytes during t he firs t 5 days is attributab le large ly to a m ech -
a ni sm other than the divis ion of mela nocy tes . In addition , it is like ly that the population 
increase between t he 5th to 14th days is due, to a considerable extent, to a similar process . 
In rega rd to t he mec hani s m accountin g for the population increase in mela nocytes, the fol -
lowin g processes or poss ibili ties, other than the divis ion of melanocytes a re discussed: the 
activation of pigment format ion in amela noge ni c mela nocytes a nd t he mi g ration of derma l 
melanocytes into t he ep idermis . 
It is genera ll y acce pted that repeated irradia-
tion with ultravi olet light (UV) induces a popu la-
tion increase of melanocytes in the e pidermis of 
man a nd ex pe rim ental a nima ls . In rega rd to t he 
mechanism of th is phenomenon , the foll owin g 
processes or possibi li t ies have been considered: a) 
t he divi s ion of mela nocytes; b) the activation of 
pigment format ion in a m elanoge nic m ela nocytes; 
c) t he mi gration of de rmal melanocytes into the 
ep idermis; d) vari ous combinations of these proc-
esses (1). The division of melanocytes has been 
shown in this phenomenon in murine skin by 
Quevedo et al. (2). Further, pub! ished reports 
have provided ev iden ce to support the occurrence 
of act ivat ion of a mela nogeni c melanocytes in ma n 
(3) and ex perimenta l a nimals (4- 7). Howeve r, the 
relative contribution of each process rema ins to 
be established. In our preced ing study us ing triti -
ated thym idin e, it was de monstrated that approx-
imate ly 1.1 per cent of dopa-positive epiderma l 
melan ocytes were la be led in ha irl ess m ice re-
ceiving 9 dai ly exposure to UV (8). However, an 
attempt to trace the la beled melan ocytes us ing 
sp lit ep iderm a l sheets was unsuccessful. In the 
present study, therefore, us ing colchic ine-treated 
ep iderm a l sheets, we ha ve attempted to deter -
mine, quantitatively, ep iderma l melanocytes in 
mitos is at several inte rva ls during UV ex posures 
in ha irless mice. 
MATERIALS AND METHODS 
The hairless mice used in this study were of the 
strain used in previous studies (6-9). Male animals 
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weighing from 16 to 24 gm were studied. An area 1 x 3 
em' on the back of each animal was irradiated with a 
ge rmi cidal lamp, es pec ia ll y des igned by Mitsubi shi 
Electric Co. Approximately 97 per cent of the emiss ion 
energy of the lamp is at 2536.5 A. The lamp-to-target 
di stance was 10 em; the t ime of ex posure was 5 min -
utes. Each ex posure delivered 19.5 x 10' erg/e m' of 
energy. This was done at 11 :00 a.m . to noon da ily, up 
to a total of 14 ex posures . three animals on each day 
were sacrifi ced, between 11 :00 a.m. and noon, 24 hours 
after 1, 3, 5, 7 and 14 days of UV treatmenl. Those ani -
mals which were killed did not receive irradiat ion on 
the day of death. Three hours prior to sacrifi ce, colchi -
cine of 0.05 mg per 20 gm of body weight (Li lly & Co.) 
was injected subcutaneously. 
Skin spec imens were taken from t.he irradiated sites 
immediately after killing. Control spec imens were ob-
tai ned from the backs of three nonirradiated animals 
treated with colchic ine prior to sacrifice. Epiderma l 
sheets were prepared by incubating the skin spec imens 
in 2N sod ium bro mide solu tion for 2- 3 hours at room 
temperature. The isolated epidermal sheets were placed 
in 6 per cent neutra l formalin for 1 hour at 4° C and 
then in cubated in 0.1 per cent dopa in 0.1M phosphate 
buffer, pH 7.4, for l hour at 37° C. These sections were 
countersta ined with Mayer's hematoxy lin and mounted. 
Cell counts we re carri ed out on dopa-positive melano-
cytes and those in mitosis, at random, in the ep idermal 
sheets usin g the oil immersion lens. The melanocyte 
populat ion was expressed as number of cells per square 
mm of skin surface accord in g to Staricco and Pinkus 
(10). 
RESULTS 
Numbers of dopa- pos itive m elanocytes and 
th ose in mitos is assessed at various interva ls are 
summa rized in Tab le I. Quantitation of the di -
vid ing mela nocytes following mitotic stages was 
not performed beca use it was occasionally diffi-
cu lt to ascertain di s tinctly each stage of mitosis 
in these ce ll s us ing the epidermal sheets prepared 
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TABLE I 
Quantitat ive assessments of dopa -posit ive melanocytes 
in division during da ily exposure to UV 
Total Number 
A n imul Uody Duvs of num ber of cells B/A weight irrad iut ion of ce ll !-~ in no. ~ Ill coun ted div il'ion per cent (A) (B) 
1 22 Control 42 0 
2 22 Cont rol 48 0 
3 17 Control 52 0 
4 20 l 75 0 
5 20 1 48 0 
6 20 1 135 0 
7 20 3 1376 6 0.4 
8 21 3 1635 5 0.3 
9 22 3 925 2 0.2 
10 22 5 1688 10 0.6 
11 22 5 3394 24 0.7 
12 24 5 3981 26 0.6 
13 19 7 2036 20 1.0 
14 16 7 3795 49 1.3 
15 16 7 3592 43 1.2 
16 22 14 9433 94 1.0 
17 21 14 9824 105 1.1 
18 21 14 9780 98 1.0 
in t h is s tudy. The Figure shows mi totic fi gures of 
th e melanocytes . Th e ce ll s in mitos is had a tend -
ency to retract the dendriti c processes and a lso to 
posses la rger ce ll bodies than t hose in interphase 
(Fi g., sees. A, B, C), however, in some instances 
th e dendrites were well preserved (Fig. sec. D). 
Mitotic fi gures were not detected in control spec i-
m e n s nor in t hose after a s ingle irradia tion. The 
incidence of mitos is was 0.2- 0.4 per cent of dopa-
posi t ive melanocytes a fter 3 days of irradiation 
and then increased to 0.6- 0.7, 1.0- 1.3 and 1.0- 1.1 
per cent, respectively, afte r 5, 7 and 14 days of 
t r e atm ent. 
Average numbers of dopa- pos itive melanocy tes 
per squa re mm at the same interva ls are summa -
rized in Ta ble II. The cell populations after 2 to 6 
weeks of irradiation, which were described in a 
prev ious report (7), a re I is ted in t hi s ta ble for 
compa ri son. The ce ll populations were 61 ± 3, 
155 - '· , 190 ± 6 and 407 ± 8 cells/m m 2, respec-
t ive ly, a fte r 3, 5, 7 a nd 14 days of UV treatment. 
T h e number of ce lls in con t rols and after a s ingle 
exp osure of UV were too s ma ll to be ex pressed as 
popula ti on per squa re mm . 
DISCUSSION 
In spite .of t he fac t t ha t epide rmal melanocyte 
incorporate tritia ted thy midine (2, 8, 11), their 
mitotic fi gures have rarely been observed in man 
and certa in ma mma ls (12- 16). The presen t study, 
t herefore, was ca rried out u ing spli t epid ermal 
sheets which were t rea ted with co lchicine of 0.05 
mg per 20 gm of body weight . Thi study demon-
stra ted t ha t mi totic fi gures were first detected 
a fter 3 days of UV exposure and their incidence 
varied with the duration of da ily treatment as fol-
lows: 0.2- 0.4, 0.6- 0. 7 a nd 1.0- 1.3 p er cent of 
dopa-posit ive melanocytes, respective ly a fte r 3, 5 
and 7 to 14 days of treatment. It was confirm ed 
that the dendri t ic processes of melanocytes, in 
some instances, were well preserved during mi -
tos is as desc ribed by severa l authors (1 3- 15) . It is 
noteworthy that the incidence of mi tosis between 
the 7th to 14th exposures roughly coincides with 
tha t of la beled melanocytes obta ined from a pre-
vious autoradi ogra phic s tudy using ve rt ica l histo-
log ic sections from the bac k skin rece iving 9 da ily 
trea t ments (8). 
Our present and previ ous studies (6, 7) have 
de monstrated that dopa- posit ive epid ermal mela-
nocytes increased in number during repeated irra-
di ation ; the melanocyte populations were approx-
imately 61, 155, 190, 407 a nd 509- 610 cells/mm 2 , 
respec tively, after 3, 5, 7, 14 days a nd 3 t hrough 6 
weeks of treatment as indicated in Tab le II. If 
this numeri ca l increase was due en t irely to the 
divis ion of melanocytes, t he incidence of t heir 
mitos is per day would be expected , as shown in 
Table II, to be approxima tely 60, 11, 3 a nd 1- 0.7 
p er cen t of dopa- pos itive mela nocytes, respec-
tively, between the 3rd to 5th days, t.he 5th to 
14th days, t he 2nd to 3rd weeks and the 3rd to 
6th wee ks of UV treatment. On the other hand, if 
the melanocytes divided without a diurna l va ria-
tion, a t the rate as shown in T able I, t he inci-
dence of mi tosis per day would be ca lculated to 
be 1.6- 3.2 (0. 2- 0.4 X 24/3), 4.2- 5.6 (0.6- 0.7 X 
24/3) and 8.0- 10.4 (1.0- 1.3 24/3) per cen t, re-
spective ly, after 3, 5 and 7 to 14 days of UV expo-
sure. Comparison of those va lues indicates that 
the numeri ca l increase in melanocytes during t he 
firs t 5 days is in cuded large ly through the mecha-
nis m other t han ce ll div is ion. Further, it is likely 
that the increase between the 5th to 14th days is 
due, to a consid erable extent, to a s imilar process. 
In cont ras t, it eems not improbable that t he in -
crease between the 2nd to 6th weeks may be due 
to melanocyte divis ion. 
In rega rd to t he mecha nisms other than ce ll 
division accoun t ing for the UV -induced in crease 
in epidermal mela nocyte population, there are 
processes or poss ibili t ies as referred to previously, 
i.e. the activation of pigment formation in ame-
lanogenic melanocy tes, t he migration of dermal 
melanocytes etc. In ha irless mice, the ATPase-
posit ive, dopa- negative dendriti c ce lls a lmost ex-
clusively s ituated at the dermoepidermal junction 
we re co ns id ered as representin g a melanoge ni c 
melanocytes by Wolff and Winkelmann (17) and 
a lso by the present authors (6, 7). On the other 
hand , the a -na ph thyl esterase- pos it ive dendritic 
cells were ma in ta ined to be iden t ica l wi th thi 
ty pe of melanocyte by Saito eta/. (18). At t he ul -
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. FIGURE. Sections A- D. Mitot ic figures of me lanocytes . (A, B) Melanocytes showing a tendency to retract the 
dendrites x 1,500. (C) melanocyte(\) with larger cell body x 600. (D) cell with a dendritic process x 1,500. 
TABLE II 
Change in average number of dopa-positive melanucytes 
per mm 2 during daily irradiation. 
Presumed rul e 
Dny or week of Avcrogc numhcr of increase in 
mclunncytcs irradinlion of ccll !il/mm 2 per duy 
(pe r cent) 
Control occasional cells 
1 day occasional cells 
3 days 61 ± 3 60 5 days 155 3 
11 7 days 190 6 11.5 2 weeks 407 ± 8 
2 weeks* 407 52 3 3 weeks* 509 ± 64 1 4 weeks* 546 ,[, 67 
5 weeks* 583 ± 67 0.9 
6 weeks* 610 ± 78 0.7 
• From Sato (7). The exposure is daily, 6 times per 
week. 
trastructural level, however, t he ame lanogen ic 
mela nocytes have not yet been identified. Re -
cently a certain type of dendriti c cell ca ll ed an 
indeterm inate dendritic cell has been reported to 
be present regularly in t he ep idermis of guinea 
pigs (19), hairl ess mice (6, 9, 20) and man (21- 23). 
However, the nature of these ce lls and the ir rela -
tionship to the melanocytes or La ngerha ns ce lls 
a re sti ll controvers ial. In our prev ious study us ing 
electron microscopy in combinat ion with cyto-
chemica l methods for ATPase activity, evidence 
was not obta ined to support a close relat ionship 
between the indeterminate dendri t ic ce ll s a nd 
me la nocytes in either normal or UV -treated ha ir-
less mouse skin (9). On the other hand , d erma l 
mela nocytes have been reported to be present in 
hairless mice (5, 24). In our previous study (7), 
t hese cells we re found to increase numerica lly in 
t he upper and middle dermis durin g repeated ir-
radiation. This numerica l increase, howeve r, did 
not reach s ignifican t levels during t he first week 
whereas it beca me marked after the 3rd week. 
T hus it seems doubtfu l that t he mi gration of 
derma l melanocytes may be involved in the rise 
in the epidermal melanocyte population during 
the first week though there is the possibi lity t hat 
the lac k of a s ign ificant inc rease in dermal mela-
nocytes during this time may be due to their mi -
gration in to the ep ide rmis. Although these find -
in gs taken together appea r to favor the activation 
of amelanogeni c melanocytes accounting for t he 
in crease in the ep id erma l melanocyte population, 
it has not been complete ly substantiated. 
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